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COMPOSITE SOLID ELECTROLYTES AND ELECTROCHEMICAL DEVICES EMPLOYING THE SAME 

The present invention relates to composite solid electrolytes, to their manufacture and to electrochemi- 
cal devices employing the same. lnrtmant T hm, are 

Solid state electrochemical devices are the subject of intense invest.gat.on and development. They are ■ 
described extensively in the patent literature. See. for example. U.S. Patents 4.303.748 to Armand; 
s 4 589 197 to North; 4.547.440 to Hooper et al, and 4.228.226 to Christiansen. These cells are typ.cally 
constructed of an alkali metal foil anode, an ionically conducting polymeric electrolyte solution conta.n.ng an 
ionizable alkali metal salt, and a finely divided transition metal oxide as a cathode. 

Solid electrolyte powders which are ionically conductive are disclosed in U.S. Patents 4.247 499 to 
Glugla et al.; 4.388.385 and 4.41.4.607 to Sekido et al.; 4.394.280 to Von Alpen et al.; 4.432.891 to Susman 
jo et al.; 4.539.276 to Harbach; and 4,557.985 to Voss. ■ . 

The solid electrolyte in Glugla et al. 4.247.499 comprises a crystalline inorganic material embedded in a 
polymeric film. The preferred ionic conductive crystal is a beta-alumina crystal. The solid electro yte in 
Sekido et al 4.388.385 and 4.414.607 is based on a silver halide source. A particularly preferred electrolytic 
powder has the formula of RbCu*l 1 . 7S Cl u8 . Matsushita Electric Industrial Company, assignee to the Sekido 
et al patents, has developed a paper electrolyte wherein the electrolytic powder is mixed with a high 
polymer insulator material derived from styrene and butadiene and made into a cement. Von Alpen et al. 
4 394 280 discloses a mixed crystal for use as an ion conducting solid electrolyte which is formed from 
components of Na 2 0. Zr0 2 . P 2 Os and Si0 2 . Susman et al. 4.432.891. disclose a glass capable of .on.c 
conduction. The glass is prepared from a non-metal glass former such as GeS 2 . B 2 S 3 and S.S 2 in mixture 
with a glass modifier such as Na 2 S. Voss 4.557.985 discloses a ceramic solid electrolyte. The electrolyte 
may take the form of a beta-alumina, a mixed crystal component, or a lithium nitride material. 

Although the above-described solid electrolyte powders have been used in electrochemical devices, 
they suffer as a result of their powdery form. In practice, to produce a solid electrolyte material from the 
ionically conductive powders, the powders are typically compressed or compacted, by a mold for example, 
to form a tightly adherent body. For some materials, particularly glass and ceramic materials it .s nearly 
impossible to form a unitary structure without the addition of materials such as binders. For other materials 
where a unitary structure may be produced, the resulting structure is extremely brittle and may be easily 
fractured as a result of its inflexible physical state. 

It has been proposed to form an electrolyte material by forming an interpenetrating network from a 
curable material wherein the network functions to house an ionically conductive electrolyte. For example, 
Bauer et al US Patent 4.654.279 describes a cell in which the electrolyte is a two phase interpenetrating 
network of a mechanically supporting phase of a continuous network of a crosslinked polymer and I an 
interpenetrating conducting liquid polymer phase comprising an alkali metal salt of a complexing liquid 
polymer which provides continuous paths of high conductivity throughout the matrix. In one embodiment, a 
liquid complex of a lithium salt and polyethylene oxide is supported by an epoxy a polyme hacrylate. or a 
polyacrylonitrile matrix. The network is formed by preparing a liquid solution of the metal salt the salt- 
complexing liquid polymer, and the monomer for the crosslinked supporting phase ,n a polar solvent. The 
solvent is evaporated to form a dry layer of a mixture of the remaining materials. The dry layer is then 

CUre te Mehaute et al. U.S. Patent 4.556.614 discloses a solid electrolyte solution for an electrochemical cell 
in which a salt complexing polymer is mixed with a miscible and crosslinkable second polymer. The 
function of the second polymer is to maintain the complexing polymer in a more highly ' 
amorphous state. This is accomplished by forming a solution of the two polymers and an ionizable , sa It , a 
solent. evaporating the solvent, and crosslinking the second polymer. The second polymer is crosslinked 

45 ^ ^"European Patent Application 88310179.2 (Publication No. EP-A-0318161) describes a P°'V™j 
electrolyte wherein a radiation inert ionically conducting liquid having an ionizable alkali metal salt 
complexed therewith is maintained in a network of a cured photohardened polymer. rnnrt „rti«« 
Although solid ionically conductive powders are known in .he art. and the use o ion.cally conducive 

so polymeric materials to form a matrix for housing an ionically conductive liquid or solid solution has been 
proposed . there has been no sugg stion that an ionically conductive polymeric materia be used to form a 
matrix for housing a solid ionically conductive powder for improving the mechanical properties of the 

e ' eC As will become clear from the detailed description which follows, solid electrolytes can be produced in 
accordance with the present invention having improved mechanical properties without a corresponding 
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reduction in ionic conductivity. 



In accordance with a first a^n^f . . 

characterised ,„ comprising a ^ ° Q ^^1^ 7 * C ° mP ° Site S0 ' id <*ctro.y te 

polymeric materia, wherein said polymeric matS toviSef ^ and *" ^ducL 
s conductive powder. M C mater,al P'ov.des a matr.x containing said solid ionically 

The Ionically conductive powder which m a „ h 0 ,„ • , 
ionically conductive polymerizable or crossf/Z^" -IT' 0 . TL 9 ! 9 ' aSS 0r ceramic >- ™y be mixed with an 
In the most typical arrangement the ionfcallv rnZ ■ lch ,s subseQ . u e"tly cured to form the matrix, 
molecular weight compounds having at Z^Z^SS^ T*?? *" '° rm <he matri * *• 
'o alka,i metal ions, alkaline earth tons^^J^^^ ° f formina d °™ acceptor bonds with 
polymeric in their natural form, or may be orod^S h« SPOrtin9 ''° nS - These materia,s ™y be 

which incudes heteroatoms capable of y ^,n^^J^^^ rilab,e ^ cross,inka °'* mairia. 
orm.ng material is produced by a curing p^cedu e the It 33 * SC * ed abovB - When ,he ™<™ 
thermally curable. When using a »adla«on c ^S^p2L ? J may 69 e ' ther radiation curable <* 
« produces an ionically conductive cross nked or ^^^^r^ e *?°™* " «» mixture 
•on.ca.ly conductive powder. The support of the oo^l T" inter P enetra ted by the solid 

•mproved mechanical strength and excellent inn7 W"l " ™T Pr ° V ' des an e, ectrolyte material havina 

and an Ionically conducllve polymeric maLw ^ ,1 9 m "" l "° °' s0 "' d '™"' =a "l' ""ducU,, powdsr 

» in the m-uft^^nV^^ —ageous because it can be 

electrochemical device produced from the anode an < catc^T, " " <he m " u '**™ of the 
prepared by coating the aforementioned mixture on a !^ , , A "° da ha " e ' em6ntS can °e 

; . copper foil, and curing the coated foil, if necessary The fl ?' ' "™ mGe ' ithiUm m * a( on or 
adhered to its surface. This not only providesTntimatelontS hT^ ^ th<3 com ^ solid electrolyte 
oo protects the underlying foil surface from d^^^°^ ^ Ml 3nd the elec ^y t e but it afso 
. assembled with the cathode element 9 Subsequent manufacturing operations in which it is 

-—^^Z^Z^ It preZdTy ^ ^ » 
material (e.g.. V 6 0 13 ) and a conductor (eg carbon > ^ ^ m ' XtUre t0 inC,ude the cathode 

3S the cathode half e.ement. and curing the'mjxtJre ii ^necessary 9 °" * m6,a ' f0i ' SUpport ^ 

--i^riTO ~- - he anode - - « 

"p^^^ =2 ~L to 6 

ce.l which comprised ass^blg IT-^^^^ J f °' » e.ectrochemica. 

electrolyte therebetween said solid composite feSZllr^ ^ e ' ement with a so,id cor "Posite 
tive powder and an ionically conductive ^T^ al ^ * * 3 Solid ionica »y coSduc- 

ionica,,: ^^Z^^ a ZZ,1^ ma,eriaUhiCh - in itS "* *™. - -P-e of 
• powders we employ are specifical.y to be dtSished %Z ^fT™ °' ^"-^P^ing ions. The 
solid solutions of an ionizable alj, .aft co^CSS? w«h ^ a n T ^ S °" d elec,ro, V ,es w "*ch are actually 
monomer pattern (e.g. UCIO.^^,ene^2S I X ) a 9 " ' eaSt ° n9 hefe, ° in iis 

^~JTl^T^^^2^T e po T-' n the ionica,,y «* 

properties. y Wn ' Cn nas e *cellent lon.c conductivity and superior strength 

General examples of useful DOlvm™ %™ h k ? PO'ymenzable or crosslinkable monomer. 
Application 0 145^8 to Cook ^L™^"' "f 4 ' 3 ° 3,748 f ° Armand and E «°<>™ 

such as an oxygen or nitrogen atom T^e^can be reore eZT 9 T C ° niainm9 * ' e3St 006 
-CH S - CH-O- y " De represenfed as Polymers having the repeating unit 
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wherein R is hydrogen or a group Ra. -CH 2 ORa. -CH 2 OReRa. -CH 2 N(CH 3 ) 2 . in which Ra is an alkyl group 
Containing 1 tol6 carbon atoms and preferab.y 1 to 4 carbon atoms or a cyc.oalky. group conning ,5 to 8 
carbon atoms, and Re is an ether group of formula -CH 2 -CH 2 0p- where.n p is a number from 1 to 100. 
preferably 1 or 2: 
or having the repeating unit 

-CH-CH2-N 
l 

wherein R^i's Ra. or ReRa. as defined above; or having the repeating unit 

-CH2-CH-- 
OReRa 



' 5 wherein Re and Ra are as defined above. Copolymers of the above polymers may also be useful. 

lonically conductive curable materials useful in practice of the present invention include compounds 
having at least one and preferably a plurality of heteroatoms particularly oxygen a ^ n, ^9 e "J^ m * 
capable of forming donor acceptor bonds with alkali metal ions, alkaline earth .ons s.lver jons P«J°nsor 
proton-transporting ions, and which are terminated by radiation polymerizab.e mo.et.es. For example, they 

20 may be low molecular weight oligomers of the formulae: 
A«CH 2 - CH-0)-fj A 



25 



R 

A<CH 2 -CH 2 - N*ir A 
R 

A<CH 2 - N-Ch^^A 



where n Ts about 3 to 50 and R is hydrogen or a C1-C3 alkyl group which are term.nated by ethylenes! y 
unsaTurated moieties or glycidy. moieties represented by A. A particularly useful group of compounds s 
obtained by "acting a polyethylene glycol with acrylic or methacrylic acid. Polyethylene glycol d.acry.ate is 
0 a partfcuSy preferred polymer. To provide additional structural integrity, triacry.ate prepolymers may be 

add p d referably. the ionically conductive polymeric materials havea molecular weight of about 200 to 800. 
Still more preferably they are liquids at temperatures less than 30 C. 

It may be desirable to include a radiation curable comonomer in the compos.tion to reduce the glass 
15 transition temperature and improve conductivity of the polymer. Monoacrylate matenals are particularly 

"TotsS ^comonomers in practice of the present invention are nonconductive radiation curable 
material such as acrylated epoxies. e.g.. Bisphenbl A epoxy diacry.ate. polyester acrylate. glycidy. ethers 
with acrvlates. and a vinyl compound such as N-vinylpyrrolidone. 

40 The soS ionical.y conductive powders which are maintained in the ionically conductive matrix a e 
capable of ionically conducting a.kali metal ions, earth alkali ions, protons or f^^^l^^ 
materials are inorganic in nature and often are glass or ceram.c matenals. Exampl s o "^f^ 
conductive powders which may be used in our electrolytes .nclude RbAgds, RbCu ls l,,CI,3. Nafl lAfeO 
AgTwO.. po.ycrystal.ine Li.. Na 3 Zr 2 Si 2 PO,, ,,-PbF, U^O,). and B,S,-U,S^L Other so.-d .on.caly 

45 conductive powders suitable for use in our electrolytes include those disclosed in U S. Patent Nos. 
4 247 499? 4 388.385; 4.394.280; 4.414.607; 4.432.891; 4.539,276; and 4.557 985. The solid ,on,ca.«y con- 
ductive powders typically have an ionic conductivity ranging between about 0.1 ohm 'cm and about 1.0 

X 'Thf mix^'of powder and polymer suitably contains about 50 to 99 weight percent solid ionically 
50 conductive plders and about 1 to about 50 weight percent ionically conductive po.ymenc materia J. The 
exact "mount will vary with the nature of the polymeric material and the affinity of the polymeric matenal fo 
Z TsoHd iont^y conductive powders. As a genera, ru.e. at least 2 percent of the po.ymenc matenal must 
be added to demonstrate an appreciable improvement in mechan.cal properties. _ innica |. v 
To produce the composite solid electro.yt . the solid ionically conductive powders and the oncaHy 
55 conductive polymeric matoria. are mixed together. In the case where the po.ymenc mater ,al ,s . a radiation 
cured polvmerizable or cross.inkab.e mat rial, the mixture is passed through a sourc of act n,c radiation^ 
Smi^ if the poiymeric materia, is a thermally cured polymerizab.e or cross.inkab.e materia., the mixture 
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5 as i e — a y y s^.^ fc "sr^ additiona ' f — * — s such 

« 'ad«I,on curable is polyethylene ox ide ToLTe e * 3mp,e ° f an addifive -3^^ 

polymer, the additive polymer is m ixe d into the Sure L T" 8 e,eCtr ° ,y,e containin 9 

substrate, and the extruded material is passed thro^h a - . mater, ' a ' ' S ex,rusion c °*ed onto a 
'o The term "actinic radiation" as used h erei n ^tdeVZ? ? 'I™ to Cure the ™ture 

sTnSi r r° amma rad ' ati0n - « is ant/cipa eT ho^ 

amphcty of equipment that electron beam and u«ravX' r J, , avai,abi % of radiation sources and 

and gamma radiation are advantageous bTcauset 2 dn f " be USed most <*••■■ Electron beam 

taJS" ,^ US,n9 e ' eCtron beam - th * beam potenLl I!! L °"' a " y conv entional initiator may be 
characterise such as poly,atr,nuo,o e ,hv,e n . S ,hf J,7 " C ° aKd 0nto a surta «> ""ins a rZsl 

3 ress forces. By comparison, the pr^^Z^S^^ ft*" "* fr3CtUreS as °< 
electrolytes and are much more flexible than Zp r t S^SST" "* ,han lhe " '« 

s much more capable of withstanding stress 1oZ£Z£Z?%F' f 3 re5Ult ' the pr6Sent ^rolytes are 
conductive polymeric matrix, the ionic conTuclZ TtnT7 ^ Further ' by usina an tonteally 
compnwno .onica.ly conductive powder maintainedt a "L ! ^ * far SU ? erior to electrolytes 
conduct ivity by a factor of at least 1000 caTbTShLe Z ZT7 ^ matrix ' i 

, P-aced between an anode materia, and a 

° D Z V C ° ntain 3 CUrrent C °"*«<* attacZTftSSrtSS^S; hSat 3nd PreSSUre - Th ° eel? may 

polymenc material used to form the ionicallv clnH 6 n0t contac,in 9 the electrolyte If the 
dev.ee can be assembled and ilmn^^^^^. 1 ' CUrab,e ' the electrochemical 

member can be coated with the radiation P^er^ ^ '? ^ a ™9 e rnent. a lithium coated foi 
cathode coat.ng composition described pre^oX^?^??^ composition and over coated with the 
com P os,t.on described previously and overcoated w»h Z 1 be Cbat6d with the "thode coat no 

Th, s structljre can be cured ^.u^^^^^^ne^ el ec«ro.y«e co^2 

ema,n.ng electrically conductive foi. member can ™ assembl J so - Ce of actinic radiation and the 

AnTd/LT? 6 aSSemb,Sd With the ^ructu^prttrcuTing ^ an ° th6r «<*»*™* the latter 

- Sr^~r ^ ^ - - - ~ electrolyte If 

or hthium coated foil such as nickel Vc^S^^ '° rad '" a,ion - A fy P ical foi ' «» "tMuTloJ 

« Preferred because it is extremely eSropoS live an* r %T ^ dep ° S '' ted ° n its surf ^e. Lithium 
may be coated onto the foil in any mannt TtZ Znnf m " W6i9ht The radiation arable composi Z 
radiation is extremely stable and does "of chlmicTrS' Tt™ Whteh CUr6S Up0n ^sure To ac nic 
coatmg. ro |. coating, blade coating, etc Chem ' Ca " y react Wlth ««• HlWum. Suitable techniques include rod 
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in a preferred embodiment the cathode coating composition contains the same polymer phase as 
binder as the polymeric material of the composite electrolyte. There is no phase separation between the 
cathode and the electrolyte and as a result, the interfacial resistance between these components of an 
electrochemical cell is significantly reduced. 

Coating compositions for cathode half elements include particles of an insertion compound and an 
electrically conductive material along with the electrolyte composition, which functions as a dispersing 
medium for the cathode materials. A typical coating formulation for a cathode half element may contain 
about 50 to 80 parts of insertion compound, about 2 to 15 parts of an electrically conductive particle such 
as carbon black and about 15 to 50 parts of the ionically conductive electrolyte composition described 
above. The cathode half element is obtained by coating a foil member such as nickel foil in a thickness of 
about 10 to 100 microns with the aforesaid composition. If necessary, the cathode half element may be 
radiation or thermally cured. Alternatively, a polymer phase different than the electrolyte phase may function 
to bind the insertion compound and electrically conductive material to a substrate. 

Insertion compounds and conductive particles useful in practical embodiments are well known in the art. 
Representative examples of insertion compounds are V 6 0, 3 . M0O2. MnO z and TiS a . Other examples can 
be found in the aforementioned references. A conductive particle is carbon black. 

In accordance with a further embodiment, the composite cathodic particles described in U.S. Patent 
4,576,883 to Hope can be dispersed in our electrolyte and coated on a metal foil member as described 
above. 

In preparing the coating compositions for the cathode half element, a small amount of a volatile solvent 
and a dispersing agent can be added to disperse the cathodic materials in the composition and produce a 
composition having good coating characteristics. 

It is particularly envisioned that our electrolyte be used in an electrochemical cell. However, as will be 
appreciated in the art. the electrolyte may be used in other electrical components, such as capacitors. 



Claims 

1 . A composite solid electrolyte characterised in comprising a mixture of a solid ionically conductive 
powder and an ionically conductive polymeric material wherein said polymeric material provides a matrix 
containing said solid ionically conductive powder. 

2. An electrolyte according to Claim 1. further characterised in that material contains a repeating unit 

selected from: 

(i) -CH 2 - CH-O- 

wherein R is hydrogen or a group Ra. -CH 2 ORa, -CH 2 OReRa. or -CH 2 N<CH 3 ) 2( in which Ra is an alkyl 
group containing 1 to 16 carbon atoms and preferably 1 to 4 carbon atoms or a cycloalkyl group containing 
5 to 8 carbon atoms, and Re is an ether group of formula -CH 2 -CH 2 Op- wherein p is a number from 1 to 
100, preferably 1 or 2; 

(ii) -CH-CH2-N- 

R* 

wherein R is Ra, or ReRa, as defined above; and 

(iii) -CH 2 -fH- 

OReRa 

wherein Re and Ra are as defined above, or said polymeric material comprises a copolymer containing two 
or more such repeating units. 

3. An electrolyte according to Claim 1. further characterised in that said polymeric material comprises a 

cured polymerizable or crosslinkable material. >. 

4. An electrolyte according to Claim 3. further characterised in that said polymeric material is thermally 

or radiation r-ured. . j , t . . , - n ^,^ inn 

5. An lectrolyte according to Claim 4, further characterised in that said polymeric material is radiation 

cured and includes a repeating unit of any of the following formulae: 
A<CH 2 - CH-O^A 
R 
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A-fCH 2 -CH 2 - m )— jj-A 

A{CH 2 - N-CHa) A 

f n 



35 



40 



S ^yjpSl"^ ****** between , and 3 carbon atoms and n ■ 

6- An. electrolyte accordinn i„ A, ■ d n ,s an in, eger 

*JL7, ch ~ d in lhai —* ~ 

interpenetrate, sa|a J^"**"™ Po'V-Sric m„.„ a , 5uch V U^^S™™ and terming f 

IS A method according t<) Cl ., m , ° ' 0n,ca ">' conductive powder 

' "> my 01 Claims 2 , 0 6 . 3 '° C,a,m character^ in that said m , . 

w '6. A method according ,„ Claim, ,< mate "' a ' ' S as 

defined in a„ y 0 , Cairns 7 or 8 ° r ' 5 ' """"" ="«ctort»d in ,h a , sa id end ' .• 

t7. A solid state electrorhom- , conduct,™ pewder Is as 

electrochemtca, ce„ inching . comp „ slte 

18. A method for tormina an efe. u according to any of Claims 

- — - -« 

Polymeric material. 9 ° f 3 so,id 'Really conductive ^S^T S °" d COm P° sf,e 

powoer and an .onically conductive 
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